Abstract
trend analysis was performed. Over half (60%) of the Abay basin were found to exhibit 32 significant trends in seasonality over the 25 years period . About 17% and 16% of 33 the significant trends consisted of areas experiencing a uniform increase in NDVI throughout the 34 year and extended growing season, respectively. These areas were found primarily in shrubland 35 and woodland regions. The MODIS-based trend analysis revealed trends that were mainly linked 36 to human activities. This study concludes that integrated analysis of inter-annual and intra-annual Land degradation is a widespread environmental and development challenge (e.g. Dregne et al., 6 1991; UNEP, 2007) . It is central to many international conventions and protocols related to Changes in vegetation occur in three ways: (1) a seasonal or cyclic change that is driven by 28 climate (e.g. annual temperature and rainfall) impacting plant phenology; (2) a gradual change 29 over time that is consistent in direction (monotonic) such as change in land management or land (AVHRR) is the only global vegetation dataset which spans a time period of three decades.
13
Hence, it allows quantification of ecosystem changes as a result of ecosystem dynamics and 14 varying climate conditions. In this study, AVHRR based Global Inventory, Monitoring, and 15 Modelling Studies (GIMMS) NDVI data sets were used for the purpose of long- The inconsistent results from various studies potentially emanated from differences in location of The general objective of this study was to characterize the degree of improvement or degradation 24 of vegetation condition in the Abay basin using both coarse and medium scale analysis. The 25 specific objectives were: (1) to identify inter-annual and seasonal trends in vegetation conditions 26 at both coarse and medium scales using robust trend estimators; and (2) to detect trend breaks. eventually leads to a smooth curve that approaches the upper envelope over the data points.
29
Essential HANTS parameters were set as in Table 1 in order to obtain a reliable fitting curve. is sometimes called greenness parameters. 2.4. Long-term trend analysis 10 11 Before the time series analysis, the bimonthly HANTS filtered GIMMS and MODIS data were 12 aggregated to monthly composites by applying the arithmetic mean of each month. The bi-
13
monthly composites usually show strong serial autocorrelation and aggregating into monthly 14 observations reduces the effect of serial autocorrelation on the statistics generated from them.
15
Seasonal variation must be removed in order to better discern the long-term trend in NDVI over 16 time. Thus, a seasonally adjusted series is needed in order to better discern any trend that might 
21 where x is the data value of the respective month, μ is the monthly long term average value (i.e.,
22
the long term average of all Januaries, Februaries, …) and σ is the monthly standard deviation. A
23
Z-score value of 0 would mean that it has a value equal to the long-term mean; a value of +1
24
would mean that it is 1 standard deviation of the long term mean, and so on.
25
The de-seasoned monthly NDVI time-series was corrected for serial correlation (autocorrelation) The median trend (Theil-Sen (TS)) was computed for assessing the linear trend and rate of 32 change per unit time (Hoaglin et al., 1983) . Theil-Sen (TS) slope estimator was proposed by Thiel (1950) and modified by Sen (1968) have persisted for more than 29% of the length of the series (in time steps) (Hoaglin et al., 1983 ).
6
For example, in this study the GIMMS time series data contains 300 monthly images so it is 7 completely unaffected by wild and noisy values unless they persist for more than 87 months 8 (i.e.0.29*300=7.25 years). The implication of this is that it also ignores the effects of short-term 9 inter-annual climate teleconnections such as El Niño (typically a 12 months effect) and La Niña
10
(typically a 12-24 months effect).
12

Seasonal trend analysis 13 14
Seasonal trend analysis was performed in order to identify trends in the essential character of the The significance of the trends in the five shape parameters was tested using the Contextual Mann 3 Kendall statistics (CMK) (Neeti and Eastman, 2011) which is a modified form of the Mann-
4
Kendall test of trend significance (Kendall, 1948; Mann, 1945) . CMK trend test reduces the test which is based on a principle that a pixel would not be expected to exhibit a radically 8 different trend from neighbouring pixels.
10
In order to make the interpretation easier, the seasonal trends were categorized into different 
Change-point analysis
17
A change-point analysis was conducted, because it indicates that the trends change between 23 24 Areas of higher multi-year mean NDVI depict lower vegetation cover variability ( Fig.3(a) and (Table 3 and Table 4 ). By contrast, only about 1.19% of the basin shows a (Table 3 and Table 4 ). (Table 3 and Table 4 ).
MODIS NDVI
3
The Maximum significant browning slope observed in Didessa sub-basin is the largest of all 4 maximum slopes in the basin. 
GIMMS NDVI
15
More than half (59.52%) of land areas exhibit a significant trend in seasonality over the 25 year five most prevalent classes of significant seasonal trends in GIMMS NDVI.
23
Class 1 has an area of 19,712 km 2 which accounts for 16.85% of all significantly trending areas 24 and 10.03% of the total land area (Table 5 ). This class represents areas with a significantly experiencing an increase in mean annual NDVI with significant shift in end of growing season 7 and no effect on the start of growing season leading to lengthening of the growing season. maintain the same mean NDVI (Fig.5(c) ). The majority of Class 3 trending pixels occur in (Table 6 and Figure 6 ). Almost all vegetated land cover types commonly and dominantly 6 exhibits the seasonal trend characteristics of Class 1, Class 2 and Class3 (Table 6 ). In addition,
7
Class 4-type seasonal trend is observed mainly over 14% of the woodland and 15% of the natural 
12
Class 7-type seasonal trend is observed over 13% of the natural forest area.
13
Class 1 has an area of 31,664 km 2 , which accounts for 16.09% of the total land scape of Abay 14 and 38.28% of all significant pixels (p < 0.05) ( Table 6 ). This class represents areas with a greenness parameters (Table 6) . Fig. 7 (b) shows the seasonal curves of NDVI (2-year average) 21 for Class 2. The maximum difference between the two curves occurs in August, whereas the 
GIMMS NDVI
23
Trend break analysis in the inter-annual data series 24 The tread break analysis of ROIs shown in Figure 8 illustrates different trend behavior within a 25 longer time series of GIMMS data. Trends are not always continuously increasing or decreasing 26 but can change over time. For example, ROI #2 ( Fig.8(b) ) and ROI #4 (Fig.8(d) (Fig. 9 ). 
MODIS NDVI
10
The trend-break analysis did not indicate significant trend breaks using the BFAST approach in Trend-break analysis in the HANTS seasonality parameters
25
Although there is a significant monotonic increasing or decreasing trend, no significant break 26 points were identified in any of the greenness parameters based on OLS-based MOSUM test.
27
The trends in overall greenness and annual peak greenness appear to be continuously increasing 28 or decreasing without trend breaks. However, Phase1 in Class 5, Class 6 and Class 8 shows a 29 non-significant trend breaks (Fig. 11 ). The time of annual peak greenness has increased since the 3 4 Vegetation trend analysis using the monthly GIMMS NDVI revealed a significant increase in the the periodic burning of vegetation, as it is evident from fire scares visible on Landsat images.
GIMMS-based inter-annual and seasonal trends
13
The reason for this burning is to get a very good grass for the next season for livestocks. Thus,
14
the positive NDVI trend of these areas could be attributed to a decreasing trend of burning of 15 vegetation. However, detailed investigation of these areas is crucial to be able to attribute the 16 trend to particular cause.
17
The basin is characterized not only by significant inter-annual variation, but also by a significant as Fincha and Belles sub-basins is most likely attributable to improved agricultural techniques.
7
Abrupt browning could be caused by logging followed by regrowth or the already existed 27 28 The showing high NDVI variability were found to be the ones exhibiting long-term positive trends.
MODIS-based inter-annual and seasonal trends
10
The MODIS-based vegetation trend analysis revealed that about 36% of the UBN/Abay basin This study concludes that integrated analysis of inter-annual & intra-annual trend based on
NDVI from GIMMS and MODIS revealed the following points:
11
• The greening trend of vegetation condition was followed by browning trend since mid- trend analysis was performed.
17
• The MODIS-based intra-annual trend analysis revealed trends that were more linked to community of the R statistical software for providing a wealth of functionality. We also thank 7 the anonymous reviewers whose comments helped to improve the manuscript. (Fig. 8) . 
